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ABSTRACT 

The e f f e c t  of d e l i q u e s c e n t  s a l t  a d d i t i v e s  i n  t h e  r e a c t i o n  o f  SO2 wi th  d ry  
Ca(OHI2 s o l i d s  d i s p e r s e d  i n  a sand r e a c t o r  was s t u d i e d .  Small amounts o f  t h e  
de l iquescen t  sa l ts  (1  t o  10 mole $)  were added t o  t h e  Ca(OH)2 by a s l u r r y i n g ,  d ry ing  
p rocess .  The r e a c t i o n  r a t e  was s t u d i e d  a t  r e l a t i v e  humid i t i e s  o f  54 and 74 $ and 
o t h e r  cond i t ions  s i m i l a r  t o  t h o s e  encountered i n  bag f i l t e r s  du r ing  f l u e  gas  
d e s u l f u r i z a t i o n  by s p r a y  d ry ing .  The r e a c t i o n  s o l i d s  were cha rac t e r i zed  by Scanning 
E lec t ron  Microscopy, powder X-ray d i f f r a c t i o n ,  c o u l t e r  coun te r  s i z e  d i s t r i b u t i o n ,  
BET ( N 2 )  s u r f a c e  a r e a ,  energy d i s p e r s i v e  spectrometry,  and d i f f e r e n t i a l  scanning 
ca lo r ime t ry .  Most of t h e  de l iquescen t  sa l t s  t e s t e d  inc reased  t h e  r e a c t i v i t y  o f  t h e  
l ime.  The most e f f e c t i v e  a d d i t i v e s  were: LiC1, KC1,  NaC1, NaBr and NaN03. 

INTRODUCTION 

Spray d ry ing  h a s  become i n c r e a s i n g l y  important  i n  r e c e n t  yea r s  as an 
a l t e r n a t i v e  t o  wet s c rubb ing  f o r  s u l f u r  d iox ide  c o n t r o l .  I n  t h e  sp ray  d rye r  t h e  
s u l f u r  con ta in ing  f l u e  gas  is con tac t ed  wi th  a f i n e  m i s t  of an aqueous s o l u t i o n  o r  a 
s l u r r y  o f  an a l k a l i  ( t y p i c a l l y  l ime or soda a s h ) .  The s u l f u r  d iox ide  is then 
absorbed i n  t h e  water  d r o p l e t s  and n e u t r a l i z e d  by t h e  a l k a l i .  Simultaneously,  t h e  
the rma l  energy of t h e  g a s  evapora t e s  t h e  water  i n  t h e  d r o p l e t s  t o  produce a dry 
powdered product .  A f t e r  l e a v i n g  t h e  s p r a y  d r y e r  t h e  dry p roduc t s  i nc lud ing  t h e  f l y  
a s h  a r e  removed with c o l l e c t i o n  equipment such as f a b r i c  f i l t e r s  or e l e c t r o s t a t i c  
p r e c i p i t a t o r s ,  

Fab r i c  f i l t e r s  a r e  t h e  p r e f e r r e d  c o l l e c t i o n  equipment a s  a d d i t i o n a l  s u l f u r  
d i o x i d e  removal t a k e s  p l a c e  i n  t h e  bag house [ 6 ,  71. Typ ica l ly ,  under cond i t ions  
such t h a t  80 % of  SO2 is removed, about  60 t o  70 % of t h e  removal t a k e s  p l ace  i n  t h e  
sp ray  dryer  and 10 t o  20  % removal t a k e s  p l a c e  i n  t h e  bag f i l t e r s  [14,  9, E l .  
Parametr ic  s t u d i e s  i n  s p r a y  d r y e r  p i l o t  p l a n t s  have demonstrated t h a t  t h e  main 
v a r i a b l e  a f f e c t i n g  t h e  SO2 removal i n  t h e  bag f i l t e r s  b e s i d e  t h e  s t o i c h i o m e t r i c  
r a t i o  of l ime t o  SO2 is  t h e  approach t o  t h e  a d i a b a t i c  s a t u r a t i o n  temperature  o f  t he  
gases  C14, 2, 15,. 12, 11. The approach t o  t h e  a d i a b a t i c  s a t u r a t i o n  temperature  i n  
t u r n  is c o r r e l a t e d  w i t h  t h e  moi s tu re  c o n t e n t  o f  t h e  s o l i d s .  Addit ives  t h a t  w i l l  
modify t h e  moi s tu re  c o n t e n t  o f  t h e  l ime s o l i d s  i n  equ i l ib r ium with a gas  phase of a 
g iven  r e l a t i v e  humidi ty  would then  be expected t o  change t h e  r e a c t i v i t y  of t h e  lime 
towards S02. 

A few a d d i t i v e s  have been t e s t e d  i n  sp ray  d ry ing  systems. CaC12 has  proven 
e f f e c t i v e  i n  i n c r e a s i n g  t h e  r e a c t i v i t y  o f  l imes tone  and l i m e  towards SO [51. Adipic 
a c i d  was a l s o  t e s t e d  [ l o 1  wi th  mixed r e s u l t s .  Sodium s u l f i t e ,  Fed compounds, 
Ethylenediaminetetra-acetic a c i d  and disodium s a l t  (EDTA) had been used a s  a d d i t i v e s  
d u r i n g  s imultaneous SO2 and NOx removal (Niro Process )  C41. The emphasis i n  t h e  Niro 
p rocess  was t o  improve t h e  removal of NO,. 

The p r e s e n t  work was undertaken t o  i n v e s t i g a t e  i n  a sys t ema t i c  manner t h e  kind 
of a d d i t i v e s  t h a t  cou ld  be used t o  improve l ime r e a c t i v i t y  towards SO2. A small  
f i x e d  bed r e a c t o r  was used t o  s i m u l a t e  t h e  c o n d i t i o n s  encountered i n  t h e  bag f i l t e r s  
du r ing  sp ray  d ry ing  f l u e  g a s  d e s u l f u r i z a t i o n .  Three d i f f e r e n t  kind o f  a d d i t i v e s  were 
t r i e d :  bu f fe r  a c i d s ,  o r g a n i c  d e l i q u e s c e n t s  and ino rgan ic  de l iquescen t s .  The 
ino rgan ic  sa l t s  were s e l e c t e d  according t o  t h e i r  d e l i q u e s c e n t  p r o p e r t i e s ,  o r  t h e  
lowering Of t h e  vapor p r e s s u r e  o f  water  over  t h e i r  s a t u r a t e d  s o l u t i o n s .  Of t h e s e  
t h r e e  types  of a d d i t i v e s  t h e  d e l i q u e s c e n t  s a l t s  were t h e  on ly  ones t h a t  increased 
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t h e  lime r e a c t i v i t y .  

EXPERIMENTAL 

Apparatus 

The gene ra l  scheme o f  t h e  experimental  appa ra tus  is g iven  in F i g u r e  3. 
Simulated f l u e  gas  was syn thes i zed  by combining n i t r o g e n  and s u l f u r  d i o x i d e  from g a s  
cy l inde r s .  The gas  flow r a t e s  ue re  measured u s i n g  ro t ame te r s .  Water was added by 
means o f  a sy r inge  pump and evaporated a t  120 OC be fo re  mixing wi th  t h e  gas s t r e a m .  
The g l a s s  r e a c t o r  (4 cm diameter ,  12 cm h e i g h t )  was packed wi th  a mix tu re  of s i l i c a  
sand and powdered r eagen t  Ca(OH)2 i n  a u e i g h t  r a t i o  of 4O:l. The a d d i t i o n  o f  sand is 
necessa ry  t o  avoid channel ing caused by l ime  agglomerat ion C51. The s i l i ca  sand ,  
ob ta ined  from Martin Mar i e t t a  Aggregates,  was 100 mesh. The r e a c t o r  was i m e r s e d  in 
a Water bath t h a t  maintained t h e  temperature  wi th in  0.1 OC. Tubing upstream from t h e  
r e a c t o r  uas  heated t o  p reven t  t h e  condensat ion o f  moi s tu re  in t h e  wa l l s .  Before 
going t o  a n a l y s i s  t h e  gas  was cooled and t h e  u a t e r  t h e n  condensed by c o o l i n g  water 
and an i c e  bath . The gas  was analyzed f o r  SO2 in a pulsed f l u o r e s c e n t  SO2 a n a l y z e r  
(Thermoelectron Corporat ion model 40) and t h e  concen t r a t ion  con t inuous ly  recorded.  
The r e a c t o r  was equipped wi th  a bypass,  t o  a l low t h e  bed t o  be p recond i t ioned  and 
then  a f t e r ,  t o  a l l o u  t h e  gas  flow t o  be s t a b i l i z e d  a t  t h e  d e s i r e d  SO2 c o n c e n t r a t i o n  
be fo re  beginning t h e  experiment.  P r i o r  t o  each experimental  run t h e  bed was 
humidif ied by f l u s h i n g  with pu re  n i t rogen  a t  a r e l a t i v e  humidity o f  about  98 % for 
10 minutes  then  l a t e r  w i th  pure n i t rogen  a t  t h e  r e l a t i v e  humidi ty  a t  which t h e  
experiment was t o  be performed f o r  8 minutes.  Th i s  was done t o  b e t t e r  s imula t e  t h e  
c o n d i t i o n s  encountered i n  the bag f i l t e r s  where t h e  s o l i d s  a r e  o r i g i n a l l y  s l u r r y  
d r o p l e t s .  

P repa ra t ion  o f  t h e  Samples 

An aqueous s o l u t i o n  con ta in ing  t h e  d e s i r e d  a d d i t i v e  was prepared.  F i v e  m l  of 
t h i s  s o l u t i o n  were then  added t o  1 g of l ime and s l u r r i e d .  The sample was t h e n  
placed i n  a oven t o  d ry  a t  75 OC for about  14 hour s  then  l a t e r  s i e v e d  to  s e p a r a t e  
t h e  i n d i v i d u a l  l ime p a r t i c l e s  p r i o r  t o  mixing wi th  t h e  s i l i c a  sand and be ing  placed 
in t h e  r e a c t o r .  

Ana lys i s  

The f r a c t i o n  o f  Ca(OH)2 r eac t ed  a t  any given time can be c a l c u l a t e d  by 
i n t e g r a t i n g  t h e  SO2 v e r s u s  time curve ob ta ined  by t h e  r eco rde r  on t h e  SO2 ana lyze r  
and doing a mass balance i n  t h e  r e a c t o r .  As a backup, t h e  r e a c t e d  s o l i d s  a r e  
analyzed for s u l f i t e  and hydroxide u s i n g  ac id /base  and iod ine  t i t r a t i o n s .  

Cha rac t e r i za t ion  of t h e  r e a c t a n t  

The l ime used in t h e s e  experiments  was calcium hydroxide powder r eagen t .  The 
p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  l ime was determined by means o f  a Cou l t e r  Counter 
model TAII u s ing  as e l e c t r o l y t e  a s o l u t i o n  o f  4 u t  % CaC12, s a t u r a t e d  w i t h  Ca(OHI2. 
The s u r f a c e  a r e a  was determined us ing  Brunauer Emmett and T e l l e r  (BET) n i t r o g e n  
abso rp t ion  isotherms.  Table 1 shows t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and s u r f a c e  area 
of  t h e  l ime used. The s u r f a c e  a r e a  was a l s o  measured f o r  t h e  lime a f t e r  be ing  
s l u r r i e d  ( 5  m l  water /g  l ime)  and d r i e d  ove rn igh t  a t  75 OC. There was a sma l l  
dec rease  in t h e  s u r f a c e  a r e a  due t o  t h i s  s l u r r y i n g  process .  F igu res  1 and  2 show 
Scanning E lec t ron  Micrographs o f  t h e  l ime t h a t  was used a s  t h e  r e a c t a n t .  From t h e s e  
p i c t u r e s  it can be seen t h a t  t h e  l ime p a r t i c l e s  a r e  in t h e  micron range s i z e ,  a r e  
h i g h l y  nonsphe r i ca l  and have cons ide rab le  s u r f a c e  roughness.  
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The samples  of lime wi th  a d d i t i v e s  t h a t  were prepared in  t h e  way d i scussed  
above were c h a r a c t e r i z e d  u s i n g  x-ray powder d i f f r a c t i o n ,  scanning e l e c t r o n  
microscopy (SEM), e n e r g y  d i s p e r s i v e  spectroscopy (EDS), and BET surface area.  
According t o  x-ray d i f f r a c t i o n  a n a l y s i s  most o f  t h e  a d d i t i v e s  p r e c i p i t a t e  as a 
s e p a r a t e  phase a f t e r  s l u r r y i n g  with t h e  l ime then  d ry ing .  The excep t ion  is CaC12, 
where the  Ca(OH)2.CaC12.H20 phase is formed. This  f i n d i n g  ag rees  wi th  t h e  result 
r epor t ed  i n  t h e  l i t e r a t u r e  f o r  t h e  equ i l ib r ium of t h e  Ca(OH)2-CaC12-H20 system 1131. 
In t h e  case  o f  Ca(N03)2, t h e  formation o f  t h e  s o l i d  phase Ca2N207.2HzO has  been 
r epor t ed  r-131. This  cou ld  n o t  be confirmed u s i n g  x-ray a n a l y s i s  a s  t h e  d i f f r a c t i o n  
p a t t e r n  o f  t h e  Ca2N207.2H20 was n o t  a v a i l a b l e .  

EDS was used t o  ana lyze  i n d i v i d u a l  p a r t i c l e s  and it was found t h a t  t h e  
a d d i t i v e s  p r e c i p i t a t e  t o g e t h e r  with t h e  l ime and a r e ,  more or l e s s ,  uniformly 
d i s t r i b u t e d  through t h e  lime p a r t i c l e s .  SEM micrographs of t h e  p a r t i c l e s  o f  l ime 
with a d d i t i v e s  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  s i z e  or shape from t h e  pure lime 
p a r t i c l e s .  The BET s u r f a c e  a r e a s  o f  t h e  l ime with d i f f e r e n t  s a l t  a d d i t i v e s  were 
a l s o  measured. The s u r f a c e  a r e a s  ranged from 7.0 t o  9.6 m2/g depending on t h e  
a d d i t i v e  used. No c o r r e l a t i o n  was found between l ime r e a c t i v i t y  and s u r f a c e  a r e a .  

RESULTS 

E f f e c t s  of  Addit ive Type 

The a d d i t i v e s  t r i e d  can  be c l a s s i f i e d  a s  t h r e e  types :  b u f f e r s .  o rgan ic  
d e l i q u e s c e n t s  and i n o r g a n i c  de l iquescen t s .  Column 1 o f  Table  3 shows t h e  
experimental  r e s u l t s  f o r  t h e s e  t h r e e  types  o f  a d d i t i v e s ,  expressed as pe rcen tage  of 
l ime r eac t ed  a f t e r  60 minutes  o f  r e a c t i o n .  The experiments  shown i n  column 1 were 
a l l  run  a t  a r e l a t i v e  humidi ty  o f  74 % and o t h e r  c o n d i t i o n s  a s  i n d i c a t e d  i n  the  
t a b l e .  The b u f f e r s  added were a d i p i c  and g l y c o l i c  a c i d  i n  concen t r a t ions  of 1 and 5 
w t  % r e s p e c t i v e l y .  The a d d i t i o n  o f  b u f f e r s  proves t o  be de t r imen ta l  t o  t h e  r e a c t i o n  
o f  SO2 and l ime ,  a conve r s ion  lower than  t h e  pure lime c a s e  was observed. The 
o r g a n i c  d e l i q u e s c e n t s  t r i e d  were monoethanolamine, e t h y l e n e  g lyco l ,  and t r i e t h y l e n e  
g l y c o l  a l l  a t  c o n c e n t r a t i o n s  o f  5 w t  %. A small dec rease  i n  lime r e a c t i v i t y  was 
found i n  t h e s e  c a s e s  as can be seen from Table  3. A t  a 74 % r e l a t i v e  humidity a l l  
t h e  d e l i q u e s c e n t  sa l t s  t r i e d  were s u c c e s s f u l  i n  i n c r e a s i n g  t h e  r e a c t i v i t y  o f  t h e  
lime, but  some s a l t s  were more e f f e c t i v e  than  o t h e r s .  

In f luence  of t h e  r e l a t i v e  humidi ty  on e f f e c t i v e n e s s  o f  a d d i t i v e s  

Column 2 o f  Tab le  3 shows t h e  e f f e c t  o f  s e l e c t e d  de l iquescen t  sa l ts  on t h e  lime 
r e a c t i v i t y  a t  a r e l a t i v e  humidi ty  of 54 %. A s  can  be seen by comparing columns 1 and 
2 o f  Table 3 t h e  e f f e c t i v e n e s s  of some s a l t s  change wi th  r e l a t i v e  humidi ty ,  f o r  
example Ca(N03)2 was very e f f e c t i v e  a t  74 % r e l a t i v e  humidity but  behaved poorly a t  
a lower r e l a t i v e  humidi ty .  A t  a lower r e l a t i v e  humidi ty  t h e  s a l t s  t h a t  behave t h e  
b e s t  were K ,  L i  and Na Ch lo r ides ,  NaBr, and NaN03. 

In f luence  of S a l t  Concen t r a t ion  

A s e r i e s  o f  expe r imen t s  were performed t o  determine t h e  in f luence  of t h e  s a l t  
concen t r a t ion  on t h e  SO2 r e a c t i o n  r a t e .  The s a l t s  used were NaCl and NaNO i n  
c o n c e n t r a t i o n s  r ang ing  from 1 t o  15 mole I .  The experiments  were c a r r i e d  o u t  a t  3 4  % 
r e l a t i v e  humidity,  and a r e a c t o r  temperature  of 66 OC. As can be seen  from Figure 
4, t h e  conversion i n c r e a s e s  wi th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  a d d i t i v e  u n t i l  about 10 
mole %. Afte r  t h i s  t h e  cu rve  l e v e l s  o f f .  The optimum concen t r a t ion  o f  a d d i t i v e  is  
then  about 10 mole Z f o r  1:l  s a l t s  l i k e  NaCl and NaN03. 
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Effec t  o f  Prehumidif icat ion a t  98 1 R e l a t i v e  Humidity 

To i n v e s t i g a t e  t h e  e f f e c t  of prehumidifying t h e  bed on t h e  r e a c t i v i t y  of t h e  
lime With a d d i t i v e s  towards SO2 some experimental  r u n s  were made o m i t t i n g  t h i s  s t e p .  
Table  2 shows t h e  r e s u l t s  ob ta ined  a t  54 and 17.4 I r e l a t i v e  humidity wi th  and 
without  p rehumid i f i ca t ion  o f  t h e  bed a t  98 1 r e l a t i v e  humidity.  The a d d i t i v e s  used 
were NaC1. NaN03 and KC1. A t  54 1 r e l a t i v e  humidity even when some dec rease  o f  t h e  
lime conversion was found wi thou t  t h e  p rehumid i f i ca t ion ,  t h e  r e s u l t s  a r e  s t i l l  f a r  
Supe r io r  t o  t h e  pure lime case.  A t  17.4 1 r e l a t i v e  humidity a l l  t h e  b e n e f i c i a l  
effect i n  t h e  case  of t h e  N a C l  appears  t o  be due t o  t h e  p rehumid i f i ca t ion  of t h e  bed 
i. e. due t o  an  h y s t e r e s i s  phenomena. 

DISCUSSION 

Columns 3 and 4 o f  Table  3 show t h e  de l iquescen t  p r o p e r t i e s  of t h e  s a l t s ,  
expressed as water a c t i v i t y  i n  s a t u r a t e d  solutions of t h e  s a l t  a t  25 and 100 OC and 
1 atm. The water a c t i v i t y  is approximately equa l  t o  t h e  r e l a t i v e  humidity o f  t h e  gas  
phase i n  equ i l ib r ium wi th  t h e  s a t u r a t e d  s o l u t i o n .  When examining t h e  de l iquescen t  
p r o p e r t i e s  of t h e  sa l t s  it is appa ren t  t h a t  i f  t h e  improvement of r e a c t i v i t y  was due 
So le ly  t o  de l iquescence ,  NaN03 and a l l  t h e  c h l o r i d e s  t r i e d ,  with t h e  excep t ion  of 
t h e  L i C 1 ,  should not work a t  a r e l a t i v e  humidity o f  54 1. Furthermore,  t h e  most 
de l iquescen t  of a l l  t h e  a d d i t i v e s  t r i e d ,  NaOH does no t  perform as we l l  a s  some of 
o t h e r  less de l iquescen t  s a l t s .  We can s e e  t h a t  some sal ts  a r e  e f f e c t i v e  a t  a lower 
r e l a t i v e  humidity than  would be p red ic t ed  by t h e  vapor p re s su re  o f  water over  
s a t u r a t e d  s o l u t i o n s  of t h e s e  s a l t s .  A p o s s i b l e  exp lana t ion  would be a h y s t e r e s i s  
phenomena a f f e c t i n g  t h e  amount o f  absorbed water  i n  t h e  s o l i d  phase.  Strong 
h y s t e r e s i s  e f f e c t s  have been r e p o r t e d  i n  NaCl a e r o s o l s  1171. From t h e  experimental  
r e s u l t s  presented i n  Table  2,  it can  be concluded t h a t  even when t h e  h y s t e r e s i s  
e f f e c t s  can exp la in  t h e  improvement i n  r e a c t i v i t y  a t  a very low r e l a t i v e  humidity 
(17.4 1) it can not e x p l a i n  a l l  t h e  improvement observed a t  54 I r e l a t i v e  humidity.  
An a l t e r n a t e  exp lana t ion  proposed is t h a t  t h e  c h l o r i d e s  and NaN03 modify t h e  
p r o p e r t i e s  of t h e  product  CaS03.1/2H20 l a y e r  t h a t  is formed as t h e  r e a c t i o n  t a k e s  
p l ace  thereby f a c i l i t a t i n g  t h e  a c c e s s  o f  t h e  SO2 t o  t h e  unreacted l ime which remains 
i n  t h e  c e n t e r  of t h e  p a r t i c l e .  NaCl and CaC12 have been r epor t ed  t o  enhance t h e  
s u l f u r  d iox ide  r e a c t i v i t y  o f  l imes tones  i n  f l u i d i z e d  bed combustion by a f f e c t i n g  t h e  
t h e  pore s t r u c t u r e  o f  t h e  lime d u r i n g  c a l c i n a t i o n ,  which then  i n c r e a s e s  t h e  e x t e n t  
o f  s u l f a t i o n  o f  t h e  l imes tone  131. 

For an  a d d i t i v e  t o  be e f f e c t i v e  i t  is necessary t h a t  t h e  hydroxide o f  t h e  
c a t i o n  be very s o l u b l e ,  o the rwise  t h e  c a t i o n  w i l l  p r e c i p i t a t e  a s  t h e  hydroxide and 
t h e  anion a s  t h e  Ca sal t .  For example Co(N03)2 i s  very de l iquescen t  bu t  Co(OH)2 is  
inso lub le  so Co p r e c i p i t a t e s  a s  Co(Oi+)p and adding c o b a l t  n i t r a t e  becomes e q u i v a l e n t  
t o  adding calcium n i t r a t e ,  which is  n o t  very e f f e c t i v e .  
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Table 1 

PROPERTIES OF THE Ca(OH)> USED AS A REACTANT 

P a r t i c l e  s i z e  ( p m )  

BET Sur face  Area (m2/g) 

50 % below 5.6 
90 % between 1.5 - 15 
9.4 (non s l u r r i e d  l ime)  
8.8 (slurried l ime)  

Table  2 

EFFECT OF PREHUMIDIFICATION OF THE BED ON LIME REACTIVITY 
I n l e t  SO2 concen t r a t ion  = 500 ppm 

Amount of Lime = 1.0 g 
Nitrogen Flow Rate = 4.6 l /min (OOC, 1 atm) 

Lime Conversion a f t e r  60 Minutes 
54 % Rela t ive  Humidity 17.4 % R e l a t i v e  Humidity 

66 OC 95 OC 
Addit ive Prehumidif ied Nonprehumidified Prehumidif ied Nonprehumidified 

None 11.2 - 
10 mole X NaCl 27.0 23.2 
10 mole 2 NaN03 27.2 23.7 
10 mole 2 K C 1  37.3 19.3 

4.0 - 
9.7 4.0 

11.9 - 
3.4 - 
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Table 3 

EFFECT OF ADDITIVES SN LIME REACTIVITY AND DELIQUESCENT PROPERTIES OF SALTS 
Inlet SO2 Concentration = 500 ppm 

Amount of Lime = 1.0 g 
Nitrogen Flow Rate = 4.6 l/min 10 OC, 1 atml 

Additive 
Lime Conversion at 60 min. 

64.4 OC 66 OC 
74 I R.H. 54 I R.H. a, at 25 OC a, at 100 OC 

None 
BUFFERS 
5 wt % Glycolic Acid 
1 wt I Adipic Acid 
ORGANIC DELIQUESCENTS 
5 wt I Monoethanolamine 
5 wt I Ethylene Glycol 
5 wt I TEG 
INORGANIC DELIQUESCENTS 
5 mole I Na2S04 
5 mole I Na2SO 
5 rsole I CaC12?***) 
i o  mole I NaCl 
;O mole % NaOH 
5 mole I Ca(N03)2(***) 
10 mole I NaN02 
10 mole I NaN03 
EaC12.2H20 
~ ~ ~ s 2 0 3  

NaEr. 2H20 
LiCl 
100 I SO2 Removal 

22.4 

11.3 
20.3 

19.6 
20.3 
20.5 

28.3 
29.8 
34.6 
38.5 
38.8 
39.4 
40.0 
41.5 - 

- 
48.2 

11.8 - 

- 
16.1 
16.4 
27.0 , 
17.3 
12.3 

27.2 
19.4 
21.6 
37.3 
42.0 
43.9 
48.2 

- 

- 
.850 181 
.753 C161 
.0703 1161 - - 
.738 1161 
.902 1163 

.842 E161 

.577 1161 

.112 C161 

- 

.902 C81 

.686(*) 181 

.735 C81 

.004 C111 

.553 C81 

.496(**) 

.549 C81 

.71(**) 

.52(**)  

.745 C81 

.502 C81 

.OB5 181 

- 

( * )  Data at 75 OC. 
( ** )  Extrapolated from data reference t 8 1  
( a * * )  Solid phases are CaC12.Ca(OH)2.H20 and Ca2N207.2H20 respectively. 
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F I G U R E  1.  C a ( O H ) 2  SEM M I C R O G R A P H ,  400 M A G N I F I C A T I O N S .  

t 

F I G U R E  2. C a ( O H ) 2  S E M  M I C R O G R A P H ,  4000 M A G N I F I C A T I O N S  
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Figure 3. Experimental Apparatus 
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